Background: The aims of this study were to investigate the prevalence of allergic rhinitis (AR) and the accuracy of the International Study of Asthma and Allergies in Childhood (ISAAC) questions for diagnosis of AR, in Korean children. Methods: Students that participated in an allergic disease prevalence survey in 2010-2017 were evaluated (n = 18,425) using questionnaires and a skin prick test (SPT). Age−stratified (5−7, 8−10, 11−13, 14−16 years) prevalence of four rhinitis questions, accuracy of the questions for AR, and proportion of comorbidities in the AR and non-AR (NAR) groups were evaluated. Results: The proportion of students responding to the questionnaire that ever had symptoms of AR since birth, that is, the prevalence of "symptom, ever" was 47.6%. Based on the questionnaire and SPT, overall prevalence of AR and NAR were 21% and 26.5%, respectively. The sensitivity, specificity, and accuracy of "symptom, ever" were 57.5%, 58.4%, and 58.1%, respectively, and those of "diagnosis, ever", who had ever been diagnosed with AR, were 39.8%, 76.9%, and 63.4%, respectively. Questionnaire−based asthma, atopic dermatitis, and food allergy were significantly associated with the AR group compared to the NAR group. Conclusions: Since the AR accuracy of the questionnaire is about 60%, it should be considered that the questionnaire based survey overestimates the true prevalence of AR in Korean children.
Introduction
The term rhinitis indicates nasal dysfunction that causes nasal itching, sneezing, rhinorrhea, or nasal blockage. Allergic rhinitis (AR) is defined as IgE-mediated nasal inflammation confirmed by sensitization to inhaled allergens, and non−allergic rhinitis (NAR) is defined by rhinitis but an allergic and an infectious etiology are excluded [1] .
The prevalence of AR differs from region to region, due to differences in living environments, and the different allergens involved. The International Study of Asthma and Allergies of Childhood (ISAAC) questionnaires are a widely accepted standardized tool for comparing interregional differences in asthma and allergic disease prevalence [2] . The prevalence of AR has increased in Korea over the past 20 years [3] , from 35% to 48% [4, 5] . AR and NAR are often difficult to differentiate based on symptoms in children. However, a few epidemiologic studies performed with a combination of a questionnaire for symptoms of rhinitis and an objective measure for IgE in the definition of AR [4, 5] suggested that the ISAAC questionnaire alone may overestimate the true prevalence of AR. The prevalence of NAR among children is expected to vary by age, country, regions, and other factors. There are very few studies on the prevalence of NAR.
Thus, the aims of this study were to investigate the prevalence of AR and NAR and determine the accuracy of the ISAAC questions on AR in a general population of Korean children and adolescents based on the symptoms and skin prick test (SPT) results.
Materials and Methods

Study Population
The subjects included were an unselected general population of 18,425 children and adolescents living in various areas, namely metropolitan (Incheon, Gyeonggi), middle inland (Chungbuk), islands (Gyeonggi Bay archipelago), southern inland (Gwangju), and seaside (Busan) in the Republic of Korea from 2010 to 2017.
Case Definitions and Questionnaire
The AR was defined as having symptoms of rhinitis with one or more positive results of SPT, whereas NAR was defined as rhinitis symptoms with negative SPT results. From the questionnaire, basic personal demographic information was obtained. Rhinitis symptoms were identified through the Korean version of the ISAAC core questions on rhinitis: "Has your child ever had a problem with sneezing or a runny or a blocked nose when he/she did not have a cold or the flu?" ("symptom, ever"), "In the past 12 months, has your child had a problem with sneezing or a runny or a blocked nose when he/she did not have a cold or the flu?" ("symptom, current"), "Has your child ever been diagnosed as AR?" ("diagnosis, ever"), and "In the past 12 months, has your child underwent or been treated for AR?" ("treatment, ever") [6] . Written informed consent was obtained from all parents and subjects who were older than 6 years.
Allergens
All participants were tested with 18 inhalant allergens. The allergens included house-dust mites (Dermatophagoides pteronyssinus, Dermatophagoides farinae), pollen (tree: 
SPT
The SPT was performed by the method described by Kim et al. [5] . Positivity was defined as follows: a wheal with a diameter of > 3 mm, or a wheal ratio of allergen to histamine ≥ 1. The SPTs were carried out on both arms. To exclude errors related to diurnal variation, all the examinations were performed in the morning by trained inspectors.
Diagnostic Accuracy
Using the SPT results as a gold standard, the diagnostic accuracy of the ISAAC questionnaire was calculated utilizing the sensitivity, specificity, positive predictive value, negative predictive value, index for rating diagnostic test, and accuracy as probability of accurate diagnosis. Sensitivity was defined as the proportion of children who positively answered the questionnaire among all those with a positive SPT. Specificity was defined as the proportion of children without symptoms among those with negative SPT results. Positive predictive value (PPV) was defined as the proportion of children with a positive SPT among those acknowledging that they have symptoms in the questionnaire. Negative predictive value (NPV) was defined as the proportion of children whose questionnaire results were concordant with a negative SPT among those with negative questionnaire responses. The accuracy was calculated as follows:
where T is true, F is false, P is positive, and N is negative.
Statistical Analysis
Symptom prevalence rates were analyzed for all participants and stratified by age−group and sex. Differences between categorical variables were assessed by the Pearson χ 2 test. Association between other allergic diseases and comparisons between the AR and NAR groups were further evaluated by logistic regression models with an adjusted odds ratio (aOR) and a 95% confidence interval (95% CI). All of the statistical data were calculated by using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Ethics Statement
The institutional review board of Inha University Hospital approved this study (IRB no.; 11-12, 12-05, 2015-09-007, 2017-02-019).
Results
Demographic Characteristics and Prevalence
The flowchart of the study participants is illustrated in Figure 1 . Among the total population of 18,425, we reviewed 14,849 subjects with complete data of both questionnaire and SPT results, aged 5−16 years old, of which 3380 were assigned to the AR group due to rhinitis symptoms with positive SPT, 4351 were assigned to the NAR group due to rhinitis symptoms with negative SPT, and 1747 were assigned to the atopy group due to no rhinitis or asthma symptoms with positive SPT. Of the population of 14,849, four age groups were constituted as follows: 2243 (15.1%) were 5−7 years, 3387 (22.8%) were 8−10 years, 4027 (27.1%) were 11−13 years, and5192 (35.0%) were 14−16 years. Of the total participants, 47.6% had had rhinitis symptoms based exclusively on the questionnaire. The total prevalence of AR was 21% (17.2% girls, 24.6% boys; p < 0.001 with significant difference between two compared groups) with a significant increase with age. The total prevalence of NAR was 26.5% (27.2% girls, 25.8% boys; p = 0.045) ( Table 1) . Boys had more symptoms of rhinitis and AR than girls in all age groups (data not shown, p < 0.001). where T is true, F is false, P is positive, and N is negative.
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The Accuracy of the Questions
The diagnostic accuracy of question on rhinitis "symptom, ever" was as follows: sensitivity of 57.5%, specificity of 58.4%, PPV of 44.2%, NPV of 70.6%, and accuracy of 58.1%. The questionnaire validity was compared among the different age groups, the highest sensitivity (63.2%) and NPV (82.0%), and the lowest PPV (30.6%) and accuracy (56.1%) were reported in the 5−7 years age group. The specificity, PPV, and accuracy tended to increase with age. The accuracy of "treatment, current" was the highest (63.8%), followed by "diagnosis, ever" (63.4%), "symptom, current" (59.2%), and "symptom, ever" (58.1%) ( Table 2) . Table 3 shows the results of logistic regression analyses. The aORs for age and sex were calculated to determine the association between other allergic diseases in the AR and NAR groups. The OR and aOR of having asthma, atopic dermatitis and food allergy were significantly greater in all of the AR subgroups relative to the NAR group (Table 3) . However, sinusitis was equally prevalent in both groups (Figures 2 and 3) . 
Comorbidity
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The ISAAC core questions for rhinitis were incorporated into our questionnaire as they represent a widely accepted standardized tool for the assessment of the prevalence of rhinitis in children and adolescents [2] . However, as the validity of each question on rhinitis may differ per country, region, 
The ISAAC core questions for rhinitis were incorporated into our questionnaire as they represent a widely accepted standardized tool for the assessment of the prevalence of rhinitis in children and adolescents [2] . However, as the validity of each question on rhinitis may differ per country, region, and age group, it is important to assess the validity of each question of the questionnaire in various subsets of the target population [7] . Although there are several good epidemiologic studies using the ISAAC questionnaires alone in Korean children [3, 4] , a few epidemiologic studies used the combination of questions on rhinitis symptoms and allergy testing for the identification of AR [5] . This study could adequately identify most of the AR patients, since the respiratory allergens included in this study were among those sensitized in the majority of the age groups in Korea [8] .
There are a lack of epidemiological studies on the prevalence of NAR, probably because of an inconsistent definition and a lack of allergy skin testing. To our knowledge, this is the first population−based study on the prevalence of AR and NAR in children from various geographical locations in Korea. We found that the prevalence of AR and NAR was 21.0% and 26.5%, respectively, quite different from those in rhinitis patients who visited hospitals (AR 68.3% vs. NAR 14.5%) [9] . The prevalence of AR differed by sex (p < 0.001) and age (p < 0.001). The AR prevalence increased with age from 15.4% among those aged 5−7 years to 23% in the 14−16 years age group. Conversely, the prevalence of NAR in children was highest in those aged 5− years (34.9%), and decreased with age. We found that NAR was twice as common as AR in those aged 5−7 years (NAR 34.9% vs. AR 15.4%), which was different from those aged 14−16 years (NAR 23.4% vs. AR 23.0%).
In the present study, we were able to evaluate the validity of the ISAAC questionnaire for rhinitis with greater accuracy since it was performed in the general population, comprising many individuals from different regions. The question on the rhinitis "symptom, ever" in the ISAAC questionnaire was found to have moderate sensitivity and specificity (57.5% and 58.4%, respectively) with a high NPV (70.6%), low PPV (44.2%), and moderate accuracy (58.1%). The specificity and PPV were observed to increase with age, indicating that only 30% of 5 to 7−year−old children with "symptom, ever" and 50% of 11 to 16−year−old children are AR. Our results are different from those of a Swiss study on the validation of a rhinitis questionnaire (sensitivity 42.7%, specificity 77.5%, PPV 48.1%), which showed lower sensitivity and higher specificity compared to those in this study with Korean children [10] . Thus, the validity of the rhinitis question can be influenced by various factors including age, sex, region, and country. Despite the accuracy of "treatment, ever" being the highest among four questions, the PPV and the accuracy were 50.4% and 63.8%, respectively, suggesting allergy testing is required to define AR and NAR.
Our findings demonstrate that the ISAAC questionnaire is moderately useful in detecting AR in the general population of children and adolescents, and highlights that further diagnostic tools including SPT are needed to confirm diagnoses, especially in younger children. This study also showed that the validity of a questionnaire might vary with age, indicating that the expected validity cannot be simply generalized for the whole pediatric age group.
We examined the prevalence of comorbid asthma, atopic dermatitis, food allergy, and sinusitis in the AR and NAR groups. We found that AR was more likely to be associated with asthma, atopic dermatitis, and food allergy, however, sinusitis was equally associated with both groups. In a Swedish study, comorbid allergic diseases associated in the AR versus the NAR groups (% in 4−year−old group, % in 8−year−old group) were asthma (28.0%, 25.5% vs. 12.7%, 11.0%), eczema (50.0%, 32.4% vs. 29.8%, 28.2%), and food hypersensitivity (38.1%, 51.1% vs. 17.7%, 13.4%) [11] . In a study analyzing the comorbidities for AR in 1275 Spanish children, the most frequent comorbidities were conjunctivitis (53.6%), asthma (49.5%), atopic dermatitis (40%), rhinosinusitis (26.1%), otitis media (23.8%), and adenoid hypertrophy (17.3%) [11] .
This study demonstrates the strong association between the AR and atopic dermatitis in various pediatric age groups. The concept of the "atopic march" was developed to describe the progression of allergic disorders from atopic dermatitis to allergic rhinitis and asthma in children. This progression depends on various factors, such as the presence of filaggrin mutations and the time of onset, severity, and control of atopic dermatitis, which were found to be related to a higher risk for the development of AR [12] . Cases of AR triggered by food are uncommon, however, an Asian study detecting the relationship between food allergy and AR in children reported that the prevalence of food allergy in pediatric patients with AR is fairly high, which is consistent with our findings [13] . In the French arm of the European Community Respiratory Health Survey, current asthma was reported in 22.5% of the subjects with rhinitis and 4% of those without rhinitis [14] . However, increased prevalence of asthma has been reported both in children with AR and those with NAR, suggesting different endotypes of asthma symptoms [15] . Asthma has heterogeneous phenotypes, including atopic and nonatopic ones, thus, fractional exhaled nitric oxide (FeNO), separate from allergy testing, can be used as a diagnostic tool to distinguish AR and NAR [16] . Although our data showed that asthma was more prevalent in the AR group (28.1%), the NAR group also had a higher prevalence of asthma (23.9%) compared to general population (18.3%).
This study has some limitations. Due to the nature of epidemiological studies, anatomical deformities such as adenoid vegetation, or infectious causes such as chronic rhinosinusitis could not be excluded from the NAR group. Thus, the true prevalence of NAR may be overestimated. In addition, there should be mixed allergic and nonallergic rhinitis, which we were unable to identify in this study.
In summary, the prevalence of questionnaire−based AR was 47.6%. Utilizing both questions and SPT results, the prevalence of AR and NAR were 21% and 26.5%, respectively. Considering that the AR accuracy is about 60% based on the ISAAC questionnaire, further diagnostic tools including SPT should be considered to confirm diagnosis, especially in younger children.
Conclusions
This nationwide study showed prevalence rate of both AR and NAR among a general population of children aged 5−16 years by combining a modified questionnaire with SPT. Considering that the diagnostic accuracy based on the questionnaire alone was approximately 60%, the questionnaire survey therefore, overestimated the prevalence of AR in Korean children and adolescents. We hope that these findings extend our perspectives on the epidemiologic study in Korea. 
